Syndemic theory
The concept of "syndemics" (i.e., synergistic epidemics) was introduced by medical anthropologist Merrill Singer in the 1990s as a way to bring new perspectives and insights for public health and clinical practice by focusing explicitly on the interaction between co-existing disorders in specific communities and with biological, behavioural and social factors that influence the occurrence and consequences of the diseases (Singer, 1996) . "A syndemic is a set of intertwined and mutually enhancing epidemics involving disease interactions at the biological level that develop and are sustained in a community/population because of harmful social conditions and injurious social connections." (Singer & Clair, 2003) .
The original definitions of syndemics was not very specific in terms of the quantitative empirical criteria. Recent reviews (Tsai & Burns, 2015; Tsai & Venkataramani, 2016; Tsai, Mendenhall, Trostle, & Kawachi, 2017 ) has pointed out that many studies aiming to demonstrate interactions between diseases and conditions have applied a "sum-score" approach that might illustrate that effects are adding up, but fail to analyse whether they interact in the sense that the effect of one condition is influenced by the existence of another (Tsai, 2018) .
We have interpreted the syndemic theory as a theory about how clustering and interaction between two or more diseases has both social causes and consequences. The interaction between diseases means that one disease influences the course and consequences of another disease. Clustering of disease will often be caused by clustering of specific causes. That clustering might be generated by shared more upstream fundamental individual or contextual causes that generate a differential exposure to the specific causes. The specific causes might then also interact with each other generating a differential susceptibility across levels of the fundamental cause.
In the case of a diabetes/depression syndemic previous studies have, as mentioned above, indicated that depression might influence both the occurrence and the consequences of diabetes and might also modify the effect of obesity on diabetes (Tsenkova & Karlamangla, 2016) . The effect of social conditions might be mediated through specific causes such as obesity and the effect of obesity might be modified by social conditions. That combination of differential exposure (mediation) and differential susceptibility (interaction) has been raised as a more general and policy relevant mechanism in the pathways generating social disparities in health (Diderichsen, Hallqvist, & Whitehead, 2018) .
Most of the empirical studies applying the concept of syndemics have dealt with communicable comorbidities where biological interaction is more obvious (Singer, Bulled, Ostrach, & Mendenhall, 2017) . Some pathogens like HIV disrupt the function of the immune system in ways that increases the susceptibility for the infection with other pathogens such as tuberculosis. Other examples are the potential syndemics of Arbovirus infections in Latin America (Singer, 2016) and the interaction where influenza virus makes the lungs more susceptible to pneumococcus infection (McCullers, 2006) . For most non-communicable diseases, the biological interactions may be less clear as mentioned above, but the diabetes/depression comorbidity has recently been studied as a case of non-communicable syndemics of growing relevance in many both high-and low-income populations. Mendenhall has with ethnographic methodology analysed the complex dynamics of violence, immigration, depression, diabetes, and abuse (VIDDA) among first-and second-generation Mexican immigrant women in Chicago (Mendenhall, 2012 (Mendenhall, , 2016 Mendenhall, Kohrt, Norris, Ndetei, & Prabhakaran, 2017; Weaver & Mendenhall, 2014) . She describes vividly how the social stress of poverty drives violence and obesity and how depression and diabetes in synergy frames the daily burden of illness. Fig. 1 presents a model that outlines five major mechanisms driving the syndemics, who can be analysed with epidemiological methods.
The model has five elements [1] [2] [3] [4] [5] referring to numbers in Fig. 1 : A basic element of syndemics is the interaction between diseases i.e., that one disease modifies the course as well as the medical and social consequences of the other (see [1] in Fig. 1 ). The health impact on a specific population of this interaction depends on how frequent the coexistence of the two diseases is -with no co-occurrence there will be no interaction. Clustering of two disorders can in principle be generated by four different mechanisms [2] [3] [4] [5] : One disease may influence the occurrence of the other disease -bi-directional causality [2] -e.g. diabetes may raise the risk of depression and vice versa. The two diseases may also share a specific cause [3] e.g., stress, or share an individual or contextual fundamental cause (Link & Phelan, 1995) such as socioeconomic position or community resources, whose effect is mediated through specific cause(s) [4] . Since specific causes may interact with other causes associated with the fundamental cause there might be a differential susceptibility across levels of the fundamental cause to the effect of the mediating cause(s) [5] . The effect of obesity on diabetes might for example be stronger among people living under the economic stress of poverty. There might finally be a feed-back where disease consequences have socioeconomic implications.
In this paper we make an epidemiological analysis on a large sample of the Brazilian population of the five main mechanistic elements outlined above. It is interesting to study this syndemic in a Brazilian context where large social inequalities and high poverty rates are driving both violence, obesity, depression and diabetes. Epidemiological studies of large heterogenous populations might "dilute" some of the intensity found in the anthropological studies on selected communities mentioned above, but if the syndemic processes are found even in large heterogenous populations it will emphasize their public health relevance. We shall therefore in this paper examine the five key mechanisms of syndemics illustrated in Fig • The clustering of prevalent diabetes and depression [2 in Fig. 1 • The differential susceptibility across levels of education, income and state-level development to obesity and violence in their relation with diabetes and depression [5] .
The Brazilian context
Brazil is a very heterogenous country with large inequalities. Economic inequalities and poverty rates have been reduced remarkably during the period 1995-2015, but are now increasing again from a level already among the 10 most unequal countries in the world. Brazil has a relatively young population, but the growing burden of diabetes (in terms of Disability Adjusted Life Years -DALY per 100,000) is 24% higher than in the EU and 23% lower than in the US (Global Burden of Disease GBD, 2018). The epidemiology of depression is more uncertain but the GBD estimates indicate the same level as in Europe. Brazil is suffering from a triple health burden with a burden from communicable diseases still approximately 3 times higher than in US and EU and from violence that is 20 (twenty) times higher than EU and four times higher than US. The burden from non-communicable disease is 20% lower than Europe and US, but adjusted for the younger age structure of the Brazilian population the burden is actually higher. The prevalence of both diabetes and depression show steep social gradients in Brazil as elsewhere (Iser et al., 2015; Malta, Bernal, Souza, Szarcwald, & Lima, 2016) , and it is in Brazil, like other middle-income countries particularly pronounced among women (Wang, Stronks, & Arah, 2014) . These conditions are driving a social determination of syndemics both among communicable and non-communicable diseases, and a study of syndemics where comorbidity is analysed in a social context might provide insights of high relevance for Brazilian public health policies.
Material and method
The analysis is based on the latest Brazilian National Health Survey PNS 2013 (Szwarcwald, Malta, Pereira, Vieira, & Conde, 2014) , which has already been used in studies of the prevalence of diabetes, depression and multimorbidity (Barros et al., 2017; Malta et al., 2016; Rzewuska et al., 2017) . It is a cross-sectional household survey designed with a three-stage random sampling procedure. The census tracts are the primary units, the households are the second-stage units, and 159) . PNS 2013 is thus a survey with sufficient size for the often very power-demanding interaction analyses, but it is cross-sectional which limits any attempt to draw causal inferences. The two disorders analyzed are prevalent cases of self-reported diabetes and depressive symptoms. The first is based on an affirmative answer to the question "Has a doctor ever told you that you have diabetes?" The second is based on the PHQ-9 scale with a sum-score ranging from 0 to 27. Having moderate or severe depressive symptoms ("Depression") is defined as scoring 10 or higher (Kroenke, Spitzer, & Williams, 2001 ). The measure of disability is based on questions raised for each of 13 different chronic disorders: to what degree the disease or its complications limit daily activities including work. Those who answer "moderate, serious or very serious" to at least one of these questions are classified as having disability i.e. limiting activities due to illness. "Short education" is defined as those who have basic school or less. "Low income" is defined as a monthly income below BRL 800 (=USD 212 in 2013) .
For a syndemics analysis it would be ideal to have contextual data on local community level, but that is not available in this dataset. As a contextual measure of socioeconomic development, we have used the Human Development Index (HDI) of the 27 Brazilian states. It is a composite index including measures of education, income and longevity. The HDI of Brazil has according to UNDP increased 24% since 1990, but there are still large inequalities between states. In 2010 HDI varied from 0.631 in Alagoas in the North East region -similar to Honduras, to 0.824 in the District Federal -similar to Argentina (Atlas Brazil, 2013) . The median HDI in 2010 for the PNS population is 0.734, and "Low HDI" is here defined as those living in a state below that level.
Both depression and diabetes have complex causal networks with several interacting component causes. We have chosen two causes, highlighted in the ethnographic syndemic-research, with well documented effects on one or both disorders: obesity and violence. Height and weight is measured at the interview and obesity is defined as BMI ≥ 30. Exposure to violence is measured as the affirmative answer to whether the interviewee during the previous 12 months has been a victim to violence.
The outcomes analyzed in terms of prevalent disease or disability is binary. Logistic regression is then often used, but we have used Generalized Linear models with binomial distribution in IBM SPSS, v25 for regression analysis. Associations are thus measured in absolute terms as risk-difference (RD) in percentage units of prevalence. We have chosen this measure of associations since it is more policy relevant and adequate for estimating interaction. When interaction as here is understood as conditional causation in a sufficient-component causal framework the relevant empirical criteria is departure from additivity of effects (Rothman, Greenland, and Walker, 1980) . The size of interactions between two exposures are estimated as the difference in disease prevalence between those exposed to both compared to those exposed to none, minus the sum of the effects of single exposures. Some confounders are included in the regression model as indicated under the tables, but several other potential confounders are not included since they are not collected in the survey. We have applied weights to adjust for sampling stratification and differential non-response in the survey (Szwarcwald et al., 2014) .
Results
Prevalence rates for diseases and covariates as well as the absolute unweighted numbers of participants in the survey are shown in Table 1 . In the sample 6.2% reported to be diagnosed with diabetes while 7.9% has moderate to severe depressive symptoms. 20.8% are obese and 5.4% have been exposed to violence the previous 12 months.
The first empirical question is to what extent prevalent diabetes and depressive symptoms cluster. A total of 546 persons (0.91%) reported both disorders which is 1.85 times higher than expected if the conditions were not clustering. Table 2 shows that both disorders particularly among women are related to short education and low income. Short educated women have for example a 3.3 (95% CI 2.7;3.9) percentage units higher prevalence of diabetes compared to diabetics with more than short education. and 4.7 (95% CI 3.5;5.9) higher for depression. Diabetes (and to some extent also depression) is unsurprisingly higher among the obese and depression is (strongly) associated with the experience of violence.
Shared causes (age, female sex, short education, obesity and violence) might generate clustering of the two disorders, but it can be seen in Table 2 that even when adjusted for these shared causes the prevalence of diabetes is for example 4.5 (95% CI: 3.3;5.8) percentage units higher among men with depression compared to those without. Without adjustment for the determinants it can, in the rows below, be seen that the clustering is only slightly more pronounced with a RD of 4.7 (95% CI 3.5;5.9) when only adjusted for age. This means that the other shared causes only play a limited role for the clustering. Table 2 further illustrates that the clustering of the two disorders (measured as the rate difference of diabetes among those with and without depression and vice versa,) among men is less pronounced in states with low HDI. The "effect" of depression on diabetes is thus -7.6 (95% CI -10.1;-5.2) percentage units lower among men in states with low HDI. The clustering seems also to be more pronounced among low income men and women.
As there is a clustering of the two disorders there are rich opportunities for interaction between them. A crucial criterion for whether a syndemic exist is whether diabetes interacts with depressive symptoms or vice versa in the association with disease consequences such as disability (activity limitation). In Table 3 we have spelled out the results of that analysis of interaction between the two disorders. Diabetes and in particular depressive symptoms are unsurprisingly linked to disability. For women the effect on disability of diabetes without depressive symptoms is 14.4 percentage units and for depressive symptoms without diabetes 33.1. The joint effect is 58.3 among those with both disorders which is (58.3-33.1-14.4) = 10.8 (95% CI 6.7;14.9) higher than the sum of the two single effects. For men the interaction effect is even stronger: 21.2 (95% CI 15.9;26.6).
In Table 3 we have also shown that the association between diabetes and disability is stronger among women than among men. The interaction effect (measured as departure from additivity as explained above) between short education and diabetes is for women 7.6 percentage units (95% CI 3.8;11.4). For depression the interaction is much stronger for both men and women. Income is not included in the F. Diderichsen, I. Andersen SSM -Population Health 7 (2019) 100318 analysis since it may be an effect of disability. It has earlier been shown with data from the PNS2013 that obesity is, particularly among women, strongly associated with short education (Barros et al., 2017) , while exposure to violence is not (Mascarenhas, Sinimbu & Malta, 2017) . In Table 4 interactions between the determinants are shown. It can be seen that the association between short education and diabetes is not only a result of differential exposure to obesity (as shown by Malta et al., 2016) , but also to differential susceptibility. Obesity interacts synergistically with education. The interaction effect on diabetes is 5.1 (95% CI 3.7;6.5) for men and 3.1 (95% CI 1.8;4.4) for women. Obesity also interacts with depression among both men and women. Violence interacts among women with low income with an effect on 3.4 (95% CI 0.3;6.5), but otherwise we find no clear signs of differential susceptibility.
Discussion
If we go back to Fig. 1 and the five mechanisms outlined there we can conclude that there in the adult Brazilian population is an interaction between diabetes and depression in their effect on disability [1] . There is also a clustering of the two disorders. That can partly be due to a shared specific cause -obesity [3] -and shared more fundamental causes such as short education and low income [4] . After adjustment for these shared causes there is still a strong clustering -indicating that there might also be a bi-directional causal relationship [2] . There are finally interactions between education/income and obesity indicating a differential susceptibility [5] .
The clustering and interaction between the two disorders have been found in a few studies from other parts of the world (Black et al., 2003; Leone et al., 2012; Scott, Von Koff, Alonso, & Angermeyer, 2009 ). The clustering is modified by HDI level of states, which might illustrate that increased clustering of these two disorders is a pattern linked to advancing socio-economic development. But Brazilian states are large and very heterogenous societies which might erase many contextual effects. The stronger clustering in rich states could be due to better access to diagnostics in those states, but Table 1 show that the prevalence of each of the two conditions are not related to HDI. Both diabetes and depression is strongly associated with education and income, in particular among women, but the clustering is still quite strong after adjustment for education, obesity and violence. One Danish study has, in a very different context, found that clustering was more pronounced among those with low income (Cleal, Panton, Willaing, & Holt, 2017), and F. Diderichsen, I. Andersen SSM -Population Health 7 (2019) 100318 stronger disease clustering among low income people is also found here. The interaction between diabetes and depression is analyzed for self-reported disability in relation to work and other daily activities. Disability is in itself an interaction between how the individual evaluates his/her health and the demands on him/her of work and other activities. Depressive mood influences not only the functional capacity but might also influence the perception and reporting of disability. The differential susceptibility to obesity has been observed in other studies but with very heterogenous results across genders and regions (Shang et al., 2013; Wang et al., 2014) . The strong association between violence and depression, particularly among women, is well known from other studies (Watkins et al., 2014) , and we find signs of differential susceptibility to violence for low-income women.
The study is cross-sectional which precludes any firm causal inference even if we are aware that concepts like interaction are suggesting otherwise. Reporting disability due to illness is more an effect than a case of illness, diabetes is more an effect than a cause of obesity and education, but depression might influence both obesity and selfreported violence. Some causes might through inverse causality be influenced by disease (obesity might for example be both an effect and cause of depressed mood) and controlling for obesity as a confounder might lead to an underestimation of the interaction between diseases. The study is an individual level study and is thus not meeting the call for more population level studies (Tsai et al., 2017) . Most variables except obesity is self-reported which means that misclassification and underestimation of interactions is likely to occur (Lundberg, Hallqvist, & Diderichsen, 1999) .
A central issue of the syndemics concept is the interaction between and comorbidities and between social conditions and diseases. We have in this study applied a formal interaction analysis that illustrates how the social context modifies the clustering and interactions involved. The causal framework illustrated in Fig. 1 might look complicated but is still a crude simplification of reality. While lacking the depth of the anthropological studies with the understanding generated by reference to a local context, we find clear empirical evidence of many of the criteria for a diabetes/depression syndemic in this large heterogenous population, showing the public health relevance of the concept.
Public health policy implications
The socio-economic inequalities in Brazil creates high average exposure levels for some health determinants like violence and large social differences in exposure to others like female obesity. The syndemics framework and the interaction analyses shown on this paper illustrates that large social inequalities in the burden of diabetes and depression is not only generated by these exposure levels but also by a differential vulnerability to the effects of these determinants and to the differential consequences of the diseases. The fact that these patterns of clustering and interaction are more pronounced in more developed states illustrates that health policy in Brazil should focus on reducing health inequalities as they might grow with a growing economy.
In the syndemics literature it has often been concluded that when multiple conditions interact the policy implication is that interventions should be multicomponent addressing all interacting conditions (Tsai et al., 2017; Tsai, 2018) . When interaction means conditional causation, the conclusion is rather the opposite: that by tackling one condition, some of the effect of the other condition -that due to the interaction is dependent on the first -will also be eliminated. In this case the results mean that tackling depression will remove a part of the disabling effect of diabetes. Many clinical guidelines recommend a coordinated treatment of both disorders, but there is no evidence from efficacy trials that shows that treatment of one disorder will influence the outcome of the other (Tabak et al., 2014) . The Brazilian reality is however not even close to full coverage of needs generated by this syndemic. Of those suffering from both disorders only 22.5% report in this survey that they have regular contact with health professionals for depression and 17.6% that they get care for both disorders. The differential susceptibility to the effects of obesity on diabetes show not only the importance of targeting susceptible groups with short education and low income with preventive efforts, but also that a general reduction of obesity across social groups will reduce the inequality in diabetes due to the higher effect among the more susceptible who are also the more deprived groups (Diderichsen et al., 2018) .
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